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Early postnatal transfer (PNT) of extremely preterm infants is associated with adverse 
outcomes compared to in-utero transfer (IUT). We aimed to explore recent national 
trends of IUT and early PNT. 
 
Design 
Observational cohort study using the National Neonatal Research Database. 
 
Setting 
Neonatal units in England, Scotland and Wales. 
 
Patients 




The incidence of IUT or PNT within 72 hours of life. Secondary outcomes included 
mortality, hospital transfer level between centres and temporal changes across two 
equal epochs, 2011-2013 (Ep1) and 2014-2016 (Ep2).  
 
Results 
14,719 infants were included (Ep1=7,363 and Ep2=7,256), 4,005 (27%) underwent IUT 
and 3,042 (20.7%) PNT.  IUTs decreased significantly between epochs from 28.3% 
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(Ep1=2,089) to 26.0% (Ep2=1,916) (OR 0.90, 95%CI 0.84-0.97, p<0.01). Conversely, 
PNTs increased from 19.8% (Ep1=1,416) to 21.5% (Ep2=1,581) (OR 1.11, 95%CI 1.02-
1.20, p=0.01). PNTs between intensive care centres increased from 8.1% (Ep1=119) to 
10.2% (Ep2=161, p=0.05). Mortality decreased from 21.6% (Ep1=1,592) to 19.3% 
(Ep2=1,421) (OR 0.90, 95%CI 0.83-0.97, p=0.01). Survival to 90 days of age was 
significantly lower in infants undergoing PNT compared to IUT (Hazard ratio 1.31, 1.18-
1.46), with the greatest differences observed in infants <25 weeks gestational age.   
  
Conclusions  
In the UK, IUT of extremely preterm infants has significantly decreased over the study 
period with a parallel increase in early PNT. Strategies to reverse these trends, improve 
IUT pathways and optimise antenatal steroid use could significantly improve survival 





Centralised neonatal intensive care improves the outcomes of high-risk infants. 1 2 In 
2003, UK neonatal services were re-organised into managed clinical networks to 
provide centralised intensive care. 3 National guidance was developed advising 
extremely preterm infants, i.e. <28 weeks gestational age (GA), should be delivered and 
cared for in intensive care centres (level 3 neonatal intensive care unit (NICU)) to 
reduce mortality and severe morbidity. 4 5 These changes have led to a significant 
reduction in mortality, although this has not yielded improvements in survival without 
neurodisability. 1 6 7 
 
Extremely preterm infants born in centres with a co-located NICU i.e., they are either 
booked and born there or are booked elsewhere and undergo in-utero transfer (IUT), 
have reduced mortality and morbidity compared to those undergoing early postnatal 
transfer (PNT) into an NICU. 6 8-10 This has resulted in the adoption of IUT as the 
optimal standard of care for extremely preterm infants where feasible. 11 However, 
maternal clinical instability, precipitous preterm delivery and barriers to IUT 12 mean 
PNT can be unavoidable. In addition to the increased mortality, PNT of extremely 
preterm infants is associated with other adverse outcomes including an increased risk of 
severe IVH, 13-16 also associated with increased mortality and a worse 
neurodevelopmental outcome. 17 This can have a long-term impact on the quality of life 
of the child and their family, as well as a significant cost to society. 15 18  
The cause of excess severe brain injury in extremely preterm infants undergoing early 
PNT remains unclear but is likely to be multifactorial. The perinatal period is a high-risk 
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time with most IVH’s occurring in the first few days of life, 19 20 coincident with when they 
are most likely to undergo PNT. 21 It has been proposed that the transport process itself 
may contribute to the increased morbidity observed in these infants due to the exposure 
to an adverse environment, including excessive noise, vibration and temperature 
instability. 22-26 Appropriate IUT where possible could improve survival without significant 
disability. 
 
Improving neonatal outcomes is a key driver for many health services including in the 
UK where the government aims to reduce mortality and halve brain injury in newborns 
by 2025. 5 To achieve this, multiple areas and strategies will need to be explored, 
including the care of extremely preterm infants at high risk of death or significant brain 
injury. 27-29 There are a lack of national data on IUT and PNT in the UK, 30 
understanding these patterns could provide invaluable data for service optimisation and 
potential strategies to improve IUT. The primary aim of this study was to establish the 
incidence of infants <28 weeks GA who undergo either IUT or PNT. The secondary 
aims were to compare mortality rates, evaluate changes over time and the patterns of 




Study Design and participants 
 
This is an observational cohort study of prospectively routinely recorded clinical data 
obtained from the National Neonatal Research Database (NNRD). The NNRD is a 
validated database containing data on demographic details, antenatal care and 
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postnatal outcomes on all neonatal admissions in the UK. 31 32 Data were analysed on 
all extremely preterm infants born from 23+0 to 27+6 weeks’ gestation that were admitted 
to neonatal units in England, Scotland and Wales between 2011 and 2016. Infants were 
identified as undergoing PNT within 72 hours of life from the data fields “Discharge 
destination”, “Admission time” and “Discharge time”. IUT infants were identified if their 
booking hospital code did not match the place of birth hospital code. Hospital care level 
was determined from the “Place of birth NHS code” data field. Hospital levels in the UK 
are level 1 (special care baby units, low dependency care), level 2 (local neonatal units, 
mainly high dependency care) and level 3 (neonatal intensive care units, tertiary units 
caring for sickest babies). Infants born at home, with missing hospital codes (therefore 
IUT status cannot be determined), missing hospital admission episodes and those with 
erroneous data (implausible birth weight) were excluded. 
 
Outcomes 
The primary aim was to establish the incidence of IUT and PNT within 72 hours of age 
for extremely preterm infants. The secondary aims were mortality, hospital transfer 
levels between referring and receiving centres and temporal changes across two equal 




The population was separated into two equal epochs (Ep1 from 2011-2013 and Ep2 
from 2014-2016) to evaluate temporal changes. Mann-Whitney U test was used for 
group analysis to compare changes between epochs. Odds ratio (OR) and confidence 
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intervals (CI) were calculated with significance set as p<0.05. Kaplan-Meier method was 
used to evaluate survival of infants over time for infants who were either IUT or early 
PNT. Hazard ratios were calculated using log-rank test to compare curves. Statistical 




During the study period, 14 719 extremely preterm infants were admitted to neonatal 
units. Of these 7 363 were in Ep1 and 7 356 in Ep2 (Supplementary Figure 1). A total of 
4005 (27%) infants underwent IUT with a significant decrease in numbers between 
epochs from 28.3% to 26% (Ep1=2089 and Ep2=1916; OR 0.90, 95% CI 0.84-0.97, 
p<0.01). Conversely, 3042 (20.7%) infants had early PNT, a significant increase 
between epochs from 19.8% to 21.5% (Ep1=1461 and Ep2=1581; OR 1.11, 95% CI 
1.02-1.20, p=0.01). The percentage total of all IUT and PNTs by GA between the two 
epochs are shown in Figure 1 and Supplementary Table 1. Maternal and neonatal 
characteristics are shown in Supplementary Table 2. 
 
Overall, Level 2 to Level 3 PNTs were most prevalent accounting for 63.3% (n=1924), 
an increase between epochs of 13.3% (Table 1). The early PNT of infants between 
Level 3 NICUs has seen the greatest proportional increase of 35% from Ep1 to Ep2. 
There were no differences in median gestational age (Ep1 26 weeks (IQR 25-27) and 
Ep2 26 weeks (IQR 25-27), p=0.30) or birthweight (Ep1 890g (IQR 750-1000), Ep2 
845g (715-956), p=0.18) between level 3 to level 3 transferred infants over time 
(Supplementary Table 3). 
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Overall, there was no difference in the proportion of infants who received a full course of 
antenatal steroids between epochs, irrespective of transportation subgroup (64.6% vs 
65.3%, p=0.36). However, for infants who underwent PNT there was a significant 
increase between Ep1 from 40% (n=578) and Ep2 at 43.3% (n=685) (p<0.01, Table 2). 
 
Mortality 
Mortality by place of birth 
A total of 3013 (20.5%) infants died during the study period, with a significant 
decrease between Ep1 (n=1592, 21.6%) and Ep2 (n=1421, 19.3%) (OR 0.90, 95% CI 
0.83-0.97, P=0.01). Infants born at 23 and 24 weeks GA showed the greatest benefit 
from birth in a level 3 intensive care centre with lower mortality compared to birth in 
either a level 1 or 2 centre (Table 3).  
 
Following early PNT, 686 (22.8%) infants died. The proportion of these infants who died 
following PNT from a level 3 to another level 3 centre has significantly increased 
between epochs (Ep1 5.6% (n=20) vs Ep2 9.7% (n=31); OR 1.83 (1.02-3.29), p=0.04 
(Supplementary Table 4). There was no significant difference in demographic 
characteristics or antenatal steroid course between epochs for these infants 
(Supplementary Table 5).  
     
Survival by transfer status 
Overall, infants who underwent PNT were significantly less likely to survive to day 90 of 
life compared to infants who had an IUT (Hazard ratio 1.31 (1.18 – 1.46)). Infants born 
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at 23- and 24-weeks GA showed the greatest benefit from IUT with significantly higher 
90-day survival compared to early PNT (Figure 2).  
 
DISCUSSION 
This study aimed to describe the current national trends of IUT and PNT of extremely 
preterm infants. We found the incidence of IUT has significantly decreased over time 
and this was associated with an increase in early PNT within 72 hours of life. Almost 
45% of the highest risk infants (those born at 23- and 24-weeks GA) who required 
transfer into a tertiary centre for delivery, underwent early PNT rather than IUT. Mortality 
in the PNT group was significantly higher and this appears to be greatest in infants born 
at 23- and 24-weeks’ gestation.  
   
This UK population study is the largest to date to quantify the current trends in the 
centralised approach to the management of extremely preterm infants. The recent 
Saving Babies’ Lives Version Two care bundle highlights the importance of optimising 
the place of birth for preterm infants to reduce both morbidity and mortality. 33 However, 
there are several barriers to undertaking IUT, such as the length of time required by 
staff with other roles to facilitate transfers, lack of available maternal and neonatal beds 
within the same hospital and concerns regarding imminent delivery. 12 Careful 
consideration is required to determine which women can be safely transferred using 
midwifery and obstetric expertise, as well as better predictors of preterm delivery. 34 35 
The majority of women in threatened preterm labour do not deliver within 24 hours of 
presentation 36-38 and infants rarely deliver during transportation. 34 36 39 This suggests 
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the window of opportunity for IUT may be greater than currently perceived and 
improving care pathways could help reverse the declining IUT rate.  
 
The significant increase in early PNTs could reduce survival and expose a greater 
proportion of vulnerable infants to an increased risk of severe IVH. 13-15 The reduction in 
successful IUTs may be in part due to difficulties undertaking the IUT pathway, as unlike 
for neonatal transport provision, a co-ordinated centralised network service has yet to 
be developed. Additionally, lack of NICU cot capacity can further contribute to the need 
for PNT 40 and this may be reflected in the significant increase with NICU to NICU 
transfers over time.  
 
Our results are consistent with previous studies that demonstrate improved survival with 
birth in a centre with an NICU and following IUT compared to early PNT. 6 9 This benefit 
was greatest for those at the extremes of viability. Recent UK guidance 41 advocates a 
change in practice towards more proactive management of infants at the lowest 
gestational ages. We were unable to account for factors such as the lower rates of 
antenatal steroid use observed in PNT infants, which are known to improve outcomes, 
although in previous studies accounting for this the higher risk remained.13 14 Our study 
highlights the necessity of strategies to improve IUT pathways for these infants to 
improve outcomes along with timely antenatal steroids where the risk of preterm 
delivery is significant.   
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The gestational split on IUT and PNT suggests that an increasing number of infants at 
23 weeks GA are undergoing IUT. However, the pattern appears reversed for all other 
gestations, a worrying trend considering this makes up the greatest proportion of infants 
<28 weeks. The increase in mortality for infants who underwent level 3 to level 3 
transfers is concerning. Given these infants should receive similar standards of care at 
both centres and there was no difference in demographic background or antenatal 
steroid administration, this raises the concern regarding early PNT as a contributing 
factor although other causes, such as transfer for surgery, could also be important. 
 
Strengths 
A major strength of this study is the large number of infants included using prospectively 
collected data from all neonatal units in the UK. This enables evaluation of trends for the 
whole population at a national level and allows for variation in management across 
neonatal networks. Since data are prospectively entered on a daily basis, this allows 
accurate evaluation of timing of PNT and changes in outcomes over time. 
 
Limitations 
The main limitations of our study include the lack of ability to determine the exact 
reason for PNT over potential IUT, as this is not recorded within the database.  
However, we found a significant increase in the number of early PNT infants who 
received a full course of antenatal steroids, which would suggest these mothers were 
inpatients at the referring centre for at least a period of 24 hours prior to delivery, during 
which an IUT may have been feasible. As data is not collected on reasons why an IUT 
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did not occur, we cannot speculate further on this but prospective recording of this 
should be considered to identify and learn from any missed opportunities. Furthermore, 
we did not obtain data on the cause of death, as this was a descriptive study on 
patterns of transfer, which could help understand the indications for transfer. 
 
A further limitation to our study is the assumption that infants born in a different centre 
to where they were booked were IUTs, as the NNRD does not directly record IUT. We 
acknowledge the overall number is likely to be less due to transfer of care to a level 3 
centre for clinical reasons during the pregnancy or the mother could have been out of 
region (e.g. on holiday) prior to delivery. However, the number of these infants is likely 
to remain unchanged over time, therefore the overall trend is unlikely to change. We 
also acknowledge that we were unable to account for the number of mother’s who were 
IUT but did not subsequently deliver and infants who were IUT and died in the delivery 
room as these data are not recorded within the NNRD. 
 
In addition, the NNRD only records infants who survive to neonatal unit admission. 
Infants at the extremes of gestational age who do not undergo IUT may be less likely to 
be offered active care at non-intensive care centres or die in the delivery room. We 
were unable to account for these deaths in our study, whereas those infants at the 
lowest gestational ages who underwent IUT to a centre with an NICU are more likely to 
have active management, successful stabilisation following birth and admission to the 
NICU. This is reflected by the reduced initial survival of infants who underwent IUT 
compared to early PNT within the first 24 hours of life in our study. 
 13 
Although the NNRD is a validated database and uses strict measures to ensure 
erroneous data is minimised, it relies on clinicians to input data. Therefore, we 
acknowledge some data entry error may remain.  
 
Conclusion 
Outcomes for extremely preterm infants are better following IUT rather than PNT.  
During this six-year study period in the UK, the incidence of IUT has decreased over 
time with an increase in early PNTs, especially between intensive care centres. 
Mortality is greater in extremely preterm infants who undergo early PNT and there is 
increasing evidence the adverse transport environment is associated with a higher risk 
of severe IVH. Currently, in the UK, there is a national drive to increase the number of 
extremely preterm infants born in a centre with an NICU, a focus on better preterm birth 
recognition, staff training, streamlined IUT pathways and shared multi-disciplinary 
learning. This study provides baseline data to measure the impact of this programme 
going forward. Further evaluation of the potential benefits of a centralised referral 
system alongside up to date maternity bed and neonatal cot status to facilitate the co-
ordination of this care pathway is required. These interventions could reduce 
unnecessary early PNTs and the associated risks to improve survival and long-term 
neurodevelopmental outcomes in high-risk infants. 
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What is already known on this topic: 
• Extremely preterm infants undergoing in-utero transfer (IUT), into level 3 
intensive care centres, have reduced mortality and morbidity compared to infants 
undergoing postnatal transfer (PNT) 
• Early PNT of extremely preterm infants is associated with an increased risk of 
severe intraventricular haemorrhage 
• Improving perinatal and long-term neurodevelopmental outcomes is a key driver 
for many health services including in the UK 
 
What this study adds: 
• The rate of IUT of extremely preterm infants within the UK has decreased over 
time, with an associated increase in early PNT 
• Early PNT of extremely preterm infants between level 3 neonatal intensive care 
centres has increased 
• Infants undergoing IUT into intensive care centres have improved 90-day survival 
compared to those undergoing PNT, with the greatest difference in those <25 




1. Lasswell SM, Barfield WD, Rochat RW, et al. Perinatal regionalization for very low-
birth-weight and very preterm infants: a meta-analysis. JAMA 2010;304(9):992-
1000. doi: 10.1001/jama.2010.1226 
2. Lui K, Abdel-Latif ME, Allgood CL, et al. Improved outcomes of extremely premature 
outborn infants: effects of strategic changes in perinatal and retrieval services. 
Pediatrics 2006;118(5):2076-83. doi: 10.1542/peds.2006-1540 
3. Tucker J, Parry G, Fowlie PW, et al. Organisation and delivery of perinatal services. 
BMJ 2004;329(7468):730-2. doi: 10.1136/bmj.329.7468.730 
4. NHS England. Neonatal Critical Care Service Specification, 2016. [Accessed July 
2020] 
5. NHS. Better Births: Improving outcomes of maternity services in England - A five year 
forward view for maternity care, 2016:1-126 
6. Marlow N, Bennett C, Draper ES, et al. Perinatal outcomes for extremely preterm 
babies in relation to place of birth in England: the EPICure 2 study. Arch Dis 
Child Fetal Neonatal Ed 2014;99(3):F181-8. doi: 10.1136/archdischild-2013-
305555 
7. Gale C, Santhakumaran S, Nagarajan S, et al. Impact of managed clinical networks 
on NHS specialist neonatal services in England: population based study. BMJ 
2012;344:e2105. doi: 10.1136/bmj.e2105 
8. Kollée LA, Verloove-Vanhorick PP, Verwey RA, et al. Maternal and neonatal 
transport: results of a national collaborative survey of preterm and very low birth 
weight infants in The Netherlands. Obstet Gynecol 1988;72(5):729-32. 
 18 
9. Hohlagschwandtner M, Husslein P, Klebermass K, et al. Perinatal mortality and 
morbidity. Comparison between maternal transport, neonatal transport and 
inpatient antenatal treatment. Arch Gynecol Obstet 2001;265(3):113-8. doi: 
10.1007/s004040100197  
10. Shlossman PA, Manley JS, Sciscione AC, et al. An analysis of neonatal morbidity 
and mortality in maternal (in utero) and neonatal transports at 24-34 weeks' 
gestation. Am J Perinatol 1997;14(8):449-56. doi: 10.1055/s-2007-994178 
11. British Association for Perinatal medicine. Perinatal Management of Extreme 
Preterm Birth Before 27 weeks of Gestation (2019): A BAPM Framework for 
Practice London: BAPM; 2019. Available from: http://bapm.org [Accessed 01 
November 2019] 
12. Gale C, Hay A, Philipp C, et al. In-utero transfer is too difficult: results from a 
prospective study. Early Hum Dev 2012;88(3):147-50. doi: 
10.1016/j.earlhumdev.2011.07.016  
13. Shipley L, Gyorkos T, Dorling J, et al. Risk of Severe Intraventricular Hemorrhage in 
the First Week of Life in Preterm Infants Transported Before 72 Hours of Age. 
Pediatr Crit Care Med 2019;20(7):638-44. doi: 10.1097/pcc.0000000000001937  
14. Helenius K, Longford N, Lehtonen L, et al. Association of early postnatal transfer 
and birth outside a tertiary hospital with mortality and severe brain injury in 
extremely preterm infants: observational cohort study with propensity score 
matching. BMJ 2019;367:l5678. doi: 10.1136/bmj.l5678  
 19 
15. Mohamed MA, Aly H. Transport of premature infants is associated with increased 
risk for intraventricular haemorrhage. Arch Dis Child Fetal Neonatal Ed 
2010;95(6):F403-7. doi: 10.1136/adc.2010.183236  
16. Amer R, Moddemann D, Seshia M, et al. Neurodevelopmental Outcomes of Infants 
Born at <29 Weeks of Gestation Admitted to Canadian Neonatal Intensive Care 
Units Based on Location of Birth. J Pediatr 2018;196:31-37.e1. doi: 
10.1016/j.jpeds.2017.11.038  
17. Mukerji A, Shah V, Shah PS. Periventricular/Intraventricular Hemorrhage and 
Neurodevelopmental Outcomes: A Meta-analysis. Pediatrics 2015;136(6):1132-
43. doi: 10.1542/peds.2015-0944 
18. Petrou S, Abangma G, Johnson S, et al. Costs and health utilities associated with 
extremely preterm birth: evidence from the EPICure study. Value Health 
2009;12(8):1124-34. doi: 10.1111/j.1524-4733.2009.00580.x  
19. Al-Abdi SY, Al-Aamri MA. A Systematic Review and Meta-analysis of the Timing of 
Early Intraventricular Hemorrhage in Preterm Neonates: Clinical and Research 
Implications. J Clin Neonatol 2014;3(2):76-88. doi: 10.4103/2249-4847.134674 
20. Levene MI, Fawer CL, Lamont RF. Risk factors in the development of 
intraventricular haemorrhage in the preterm neonate. Arch Dis Child 
1982;57(6):410-7. doi: 10.1136/adc.57.6.410 
21. Gupta N, Shipley L, Goel N, et al. Neurocritical care of high-risk infants during inter-
hospital transport. Acta Paediatr 2019;108(11):1965-71. doi: 10.1111/apa.14940  
 20 
22. Blaxter L, Yeo M, McNally D, et al. Neonatal head and torso vibration exposure 
during inter-hospital transfer. Proc Inst Mech Eng H 2017;231(2):99-113. doi: 
10.1177/0954411916680235  
23. Campbell AN, Lightstone AD, Smith JM, et al. Mechanical vibration and sound 
levels experienced in neonatal transport. Am J Dis Child 1984;138(10):967-70. 
doi: 10.1001/archpedi.1984.02140480069021 
24. Karlsson BM, Lindkvist M, Karlsson M, et al. Sound and vibration: effects on infants' 
heart rate and heart rate variability during neonatal transport. Acta Paediatr 
2012;101(2):148-54. doi: 10.1111/j.1651-2227.2011.02472.x 
25. Behrsin J, Leslie A, Wynn-Davies A. Thermoregulation of Transported Neonates 
has Improved but Night-Time Transfers are Associated with More Temperature 
Instability. Pediatric Research 2011;70(5):616-16. doi: 10.1038/pr.2011.841 
26. Harrison C, McKechnie L. How comfortable is neonatal transport? Acta Paediatr 
2012;101(2):143-7. doi: 10.1111/j.1651-2227.2011.02467.x  
27. Gale C, Statnikov Y, Jawad S, et al. Neonatal brain injuries in England: population-
based incidence derived from routinely recorded clinical data held in the National 
Neonatal Research Database. Arch Dis Child Fetal Neonatal Ed 
2018;103(4):F301-F06. doi: 10.1136/archdischild-2017-313707 
28. Mactier H, Bates SE, Johnston T, et al. Perinatal management of extreme preterm 
birth before 27 weeks of gestation: a framework for practice. Arch Dis Child Fetal 
Neonatal Ed 2020 doi: 10.1136/archdischild-2019-318402 
29. National Office of Statistics. Gestation-specific infant mortality in England and 
Wales. London: Office for Nation Statistics, 2018. 
 21 
30. Watson H, McLaren J, Carlisle N, et al. All the right moves: why. F1000Res 2020;9 
doi: 10.12688/f1000research.25923.1  
31. Battersby C, Statnikov Y, Santhakumaran S, et al. The United Kingdom National 
Neonatal Research Database: A validation study. PLoS One 
2018;13(8):e0201815. doi: 10.1371/journal.pone.0201815 
32. Jawad S, Modi N, Prevost AT, et al. A systematic review identifying common data 
items in neonatal trials and assessing their completeness in routinely recorded 
United Kingdom national neonatal data. Trials 2019;20(1):731. doi: 
10.1186/s13063-019-3849-7 
33. NHS England. Saving Babies Live Care Bundle Version 2, 2019. [Accessed 
September 2020] 
34. Dupuis O, Arsalane A, Dupont C, et al. In utero transfer for preterm labor: 
experience of a regional perinatal hotline providing a 24-hour on call service. 
Gynecol Obstet Fertil 2004;32(4):285-92. doi: 10.1016/j.gyobfe.2004.02.007 
35. Goldenberg RL, Iams JD, Mercer BM, et al. The Preterm Prediction Study: toward a 
multiple-marker test for spontaneous preterm birth. Am J Obstet Gynecol 
2001;185(3):643-51. doi: 10.1067/mob.2001.116752 
36. Fenton AC, Ainsworth SB, Sturgiss SN. Population-based outcomes after acute 
antenatal transfer. Paediatr Perinat Epidemiol 2002;16(3):278-85. doi: 
10.1046/j.1365-3016.2002.00412.x 
37. Hollingworth J, Pietsch R, Epee-Bekima M, et al. Time to delivery: Transfers for 
threatened preterm labour and prelabour rupture of membranes in Western 
Australia. Aust J Rural Health 2018;26(1):42-47. doi: 10.1111/ajr.12380  
 22 
38. Robles D, Blumenfeld YJ, Lee HC, et al. Opportunities for maternal transport for 
delivery of very low birth weight infants. J Perinatol 2017;37(1):32-35. doi: 
10.1038/jp.2016.174  
39. Edwards K, Impey L. Extreme preterm birth in the right place: a quality improvement 
project. Archives of Disease in Childhood - Fetal and Neonatal Edition 
2019:fetalneonatal-2019-317741. doi: 10.1136/archdischild-2019-317741 
40. Cleland S. Bliss baby report 2015: hanging in the balance, Bliss, 2015.  
41. British Association of Perinatal Medicine. Management of acute in-utero transfers: a 
framework for practice. London, 2008. Available from: https://bapm.org 




Table 1. Referring and receiving neonatal unit levels for all postnatally transferred 
















L3 L3 119 (8.1) 161 (10.2) + 35.3 0.05 
L2 L3 902 (61.7) 1022 (64.6) +13.3 0.09 
L1 L3 317 (21.7) 279 (17.6) -12.0 <0.01 
L3 L2 25 (1.7) 31 (2.0) +24.0 0.61 
L2 L2 36 (2.5) 32 (2.0) -11.1 0.41 
L1 L2 34 (2.3) 22 (1.4) -35.3 0.06 
MLU L2 2 (0.1) 0 (0) n too small - 
MLU L3 16 (1.1) 14 (0.9) n too small - 
Missing Missing 9 (0.6) 19 (1.2) - - 
PNT, postnatal transport; L3, Level 3; L2, Level 2; Level 1; MLU, Midwife-led unit 
 
 
Table 2. Comparison of antenatal steroid course between in-utero transferred (IUT) and 
postnatally transferred (PNT) extremely preterm infants between 2011 – 2016 (Data are 
n (%)) 
 Epoch 1 (2011 – 2013) Epoch 2 (2014 – 2016) 








No steroids  87 (4.2) 365 (25.0) 57 (3.0) 268 (17.0) 
Incomplete course 225 (10.8) 465 (31.8) 208 (10.9) 550 (34.8) 
Complete course 1717 (82.2) 578 (40.0) 1597 (83.4) 685 (43.3) 





Table 3: Comparison of births and deaths by level of birth centre for extremely preterm 
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   Births 
   Deathsa 
 
111 (16.8) 








   Births 











   Births 











   Births 










      Data are n (%) of births at each unit level 
    Comparison with level 3 centres, data analysed using chi squared test: *p<0.05, **P<0.01 






Figure 1. Comparison of in-utero transfer (IUT) and postnatal transfer (PNT) within 72 
hours of life between Epoch 1 (2011-2013) and Epoch 2 (2014-2016) by gestational age 
(IUT n=4005, PNT n=3042) 
 
Figure 2. Kaplan-Meier survival curves by gestational week for infants born at 23+0-27+6 
weeks who had in-utero transfer (IUT) or postnatal transfer (PNT) within the first 72 
hours of life  
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Supplementary Figure 1. Flowchart of study population demonstrating 






Supplementary Table 1: Incidence of in-utero and postnatal transfer for extremely 
preterm infants born between 2011 and 2016 in the UK  
 




(n = 2089) 
PNT  
(n = 1461) 
IUT  
(n = 1916) 
PNT  
(n = 1581) 
23 – 23+6 124 (1.7) 121 (1.6) 137 (1.9) 111 (1.5) 
24 – 24+6 391 (5.3) 295 (4.0) 370 (5.0) 298 (4.1) 
25 – 25+6 470 (6.4) 338 (4.6) 407 (5.5) 360 (4.9) 
26 – 26+6 560 (7.6) 381 (5.2) 500 (6.8) 418 (5.7) 
27 – 27+6 544 (7.4) 326 (4.4) 502 (6.8) 394 (5.4) 





Supplementary Table 2. Comparison of demographic and clinical variables for 
extremely preterm infants who underwent in-utero transfer (IUT) or postnatal transfer 
(PNT) within 72 hours of life  
 
 Epoch 1 (n=7363) Epoch 2 (n=7356) 
Variable IUT (n=2089) PNT (n=1461) IUT (n=1916) PNT (n=1581) 
Smoking/Alcohol/Drugs 339 (16.2) 321 (22.0) 335 (17.4) 331 (20.9) 
Pre-eclampsia 35 (1.7) 15 (1.0) 92 (4.8) 34 (2.2) 
Risk factors of early 
infectiona 
521 (24.9) 200 (13.7) 574 (30.0) 262 (16.6) 
Gestational diabetes 26 (1.2) 11 (0.8) 30 (1.6) 24 (1.5) 
Antepartum 
haemorrhageb 
283 (13.5) 232 (15.9) 260 (13.6) 219 (13.9) 
Gender (Male) 1153 (55.2) 851 (58.3) 1015 (53.0) 857 (54.2) 
Birthweight (grams) 795 (676 – 930) 815 (690 – 945) 790 (660 – 946) 820 (700 – 960) 
Gestation (weeks) 26 (25 – 27) 25 (24 – 26) 26 (24 – 27) 26 (24 – 26) 
Mode of delivery 
  NVD 
  Em CS no labour 
  Em CS in labour 
  El CS no labour 
  El CS in labour 
  Instrumental 



































679 (32.5) 576 (39.4) 745 (38.8) 721 (45.6) 
NVD, Normal vaginal delivery; Em CS, Emergency caesarean section; El CS, Elective caesarean section 
Data are n (%) or median (interquartile range) 
a Maternal pyrexia, prolonged rupture of membranes, chorioamnionitis, group B streptococcus, urinary 
tract infection 
b Placental abruption, placenta praevia or other antepartum haemorrhage 
c Data represents any grade of intraventricular haemorrhage or germinal matrix haemorrhage. Data 
extracted from “principle diagnosis at discharge” data field and grade of intraventricular haemorrhage 
from recorded cranial ultrasound scans 
Data items gestational diabetes, preeclampsia, risk factors for sepsis, alcohol/drugs/smoking and 
antepartum haemorrhage variables are collected using a tick box, so not possible to accurately determine 




Supplementary Table 3. Gestational age of infants who were postnatally transferred 




(n = 280) 
Epoch 1  
(n = 119) 
Epoch 2 
 (n = 161) 
23 10 (3.5) 6 (5.0) 4 (2.5) 
24 40 (14.3) 13 (10.9) 27 (16.8) 
25 48 (17.1) 17 (14.3) 31 (19.3) 
26 83 (29.6) 38 (31.9) 45 (28.0) 
27 99 (35.4) 45 (37.8) 54 (33.5) 




Supplementary Table 4. Deaths by place of referring and receiving neonatal unit levels 




n = 364 
Epoch 2 








L3 L3 20 (5.5) 31 (9.6) 0.04 
L2 L3 242 (66.5) 218 (67.7) 0.92 
L1 L3 78 (21.4) 57 (17.7) 0.22 
L3 L2 1 (0.3) 3 (0.9) 0.26 
L2 L2 9 (2.5) 5 (1.6) 0.40 
L1 L2 4 (1.1) 3 (0.9) 0.83 
MLU L2 1 (0.3) 0 0.35 
MLU L3 6 (1.6) 2 (0.6) 0.21 
Missing Missing 3 (0.8) 3 (0.9) 0.88 
 
L3, Level 3; L2, Level 2; Level 1; MLU, Midwife-led unit 




Supplementary Table 5. Demographic characteristics of extremely preterm infants who 




n = 51a 
Epoch 1 
n = 20a 
Epoch 2 
n = 31a 
p value* 












  23 
  24 
  25 
  26 

























  None 
  Incomplete 
  Complete 




















Age at transfer 
  <24 hours 
  24-48 hours 
















Day of Death 
  0-3 days 
  3-7 days 
  7-14 days 
  14-21 days 























a Data are n (%) or median (interquartile range) 
b Categorical data analysed using chi squared test, non-normally distributed continuous data analysed  
   using Mann-Whitney U test 
 
 
 
 
 
 
 
